Iterative Design of RCS Thruster for Debris Chaser Small Satellite
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ABSTRACT

RESULTS

The active debris removal (ADR) missions have been advanced continuously for
debris management in low earth orbit (LEO). One of the emerging ADR methods
is space robotics, where robotic manipulators are installed in small satellite setup
whose main function is to chase, capture and de-orbit the space debris to a very
lower altitude. This poster presents the preliminary iterative design of the RCS
thruster which will execute the chase and de-orbit operation by using the value of
ΔV requirements for overall operation. The RCS thrusters are a combination of a
cold/hot gas thruster with a 3-axis CD nozzle in it and a reaction wheel to provide
translation and satellite attitude control. It will perform part of the orbital transfer
and in-orbit rendezvous maneuvers for altitude change, docking, and thrust
vectoring to reach nearby and control debris and its attitude after the gripping
operation. All the components are designed in an iterative process until the
required thrust criteria are met. The components are designed by using CAD
software and the ANSYS tool is used for checking and measuring the structural
integrity of each component. The flow analysis has been simulated by using
inbuilt the K-ω turbulence model nozzle of CFX packages of ANSYS, which will
provide us required ΔV budget for the debris chase and de-orbiting process. The
debris chase and the de-orbiting phase have been simulated by using the STK
software which will provide concise datasets and helps us to calculate different
operating parameters. The preliminary results show that the designed RCS thruster
weights about 3kg including 1.8kg of N2 propellant which provides 80s specific
impulse which is feasible for chase and de-orbiting operation with continuous
attitude control.

Once, an analytical calculation is done, each designed component is validated by
means of the ANSYS tool. The propellant tank is validated by doing a structural
analysis of it. And it was found the design is within our permissible limit[4](not
presented here). The flow analysis of the single CD nozzle is done by using CFX tools
and our calculated design is verified. The various results, like pressure, temperature,
and Mach number effects, are obtained from the CFX post-processing and its contours
are shown in Figure 5,7,9. For the same, its variation across the length of the CD
nozzle is shown in Figures 6,8,10. From these results, it can be observed that it follows
the same standard flow properties of the CD nozzle, and at the exit of the nozzle, the
Mach no. is increasing continuously to provide high ΔV for operations.

Figure 2: Initial and Final Orbital states of the DCS and
PSLV Deb.

SIMULATION METHODOLOGY & ΔV CALCULATION
The simulation is done by using the STK tools. The simulation procedures to
chase and de-orbit the PSLV debris are shown in figure 3. The simulations were
done iteratively for our mission objective execution. The initial and final orbital
state of DCS and PSLV deb. In simulation is shown in figure 4. While executing
the chase and de-orbiting maneuver, the optimal thrust requirements are tabulated
in table 1 for overall operations. The detailed simulations are presented in our
previous work i.e. Sah. et.al.[1][3]. And the ΔV calculations required for these
operations can also be obtained from our previous work paper.

Figure 6: Pressure Variation across the length of CD
nozzle.

Figure 7: Contour Plot of Temperature distribution
across the length of CD nozzle.

Figure 8: Temperature Variation across the length
of CD nozzle.
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Figure 1: Debris Chaser Satellite (DCS) with Dual Manipulator.

Figure 5: Contour Plot of Pressure distribution
across the length of CD nozzle.

Table 1: Over all ∆V requirement tabulation during chase, capture and deorbit operations
by RCS thruster.

DEBRIS CHASER SATELLITE
The designed satellite is of 12U form factor with an approximate dimension of
20X20X30 cm with dual robotic manipulators[1][3]. The design of the debris
chaser satellite (DCS) is shown in figure 1. A customized 3-DOF manipulator is
designed based on the concept of the UR5 robot and resizing is done, so that
manipulators got adjusted with the satellites model. An overall design of the debris
chaser satellite is done based on the availability of commercial products in a
market except for the thruster. This paper presents the RCS thruster design for
debris removal operation without adding the attitude sensor. A detailed idea about
the ADCS architectures and pipeline to use in RCS thruster is shown in Srivastava
et. al. work [2].

Figure 3: Procedures for DCS to
chase, capture and de-orbit PSLV.
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Figure 9: Contour Plot of Mach No. distribution
across the length of CD nozzle.

Figure 10: Mach Variation across the length
of CD nozzle.

DESIGN

CONCLUSION

The RCS thruster is made of the reaction
control wheel and thruster whose main
function is to provide the required thrust in
any direction and control the attitude motion
of the debris chaser satellite. The schematic
diagram of the RCS thruster excluding the
attitude sensor is shown in figure 2. The RCS
thruster was designed in iterative way based
on the overall ΔV requirements for the
debris chaser operations.
The RCS thruster consists of a propellant
storage tank, hose pipes, CD nozzle, pressure
feed and control valves, and sensors [4]. The
thruster has been designed by considering
minimal duty cycle, coupling forces, and
moments with higher linear and rotational
acceleration.

The preliminary iterative design of the RCS thruster is done for our Debris Chaser
satellite which will be executing the chase, capture and de-orbiting operation. The
RCS thruster is designed based on the overall ΔV requirement for the operations. The
preliminary flow simulation results are shown in this work and which satisfies our
initial design calculation. The final details design will be shown in future work which
will signify the fully working of the RCS thruster for debris removal application.
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